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It will be seen that the simple conjunctival test does not appear so 
reliable as the subcutaneous test, for three cows out of twenty-six 
(11'5 per cent. ) that reacted to the subcutaneous test failed to show 
any reaction for the conjunctival test alone eN os. 7, 107,84), although 
they gave a positive reaction after the subcutaneous injection. The 
combined conjunctival test, however, is apparently quite as reliable as 
the subcutaneous test. Of the twenty-six reacters to the subcutaneous 
test all gave a conjunctival reaction after the subcutaneous injection 
of tuberculin. 

There still remains the one doubtful case (No.8 I), which, unfor
tunately, cannot at present be cleared up by apost-morte11l examination. 
The conjunctival reaction, both before and after the subcutaneous 
injection, was so marked that I feel convinced the cow is tuberculous, 
in spite of the negative result of the general tuberculin test. 

NEW METHODS OF EMPLOYING TUBERCULIN IN 
THE DIAGNOSIS OF TUBERCULOSIS.} 

By Professor ]. LIGNIERES, Director of the National Institute of 
Bacteriology, Buenos Aires. 

FROM the date of the first discovery of tuberculin and its utilisation 
in the diagnosis of tuberculosis up to the time of von Pirquet's com
munication tuberculin was employed almost exclusively in the form 
of subcutaneous injections. 

At the present time, in addition to the general febrile reaction pro
duced by subcutaneous injections of tuberculin, the practitioner has 
at his disposal various forms of local reaction, such as the cutaneous, 
ophthalmic, dermic, intra-dermic, and local subcutaneous reactions. 

A peculiar and important point is that local reactions occur inde
pendently of a general reaction, and even when no general reaction is 
produced. Now, in veterinary medicine there seem to exist at the 
present time . two opposite tendencies, one to attribute to the sub
cutaneous injection of tuberculin superiority over all other methods. 
the other to regard one or other of the local reactions as exclusively 
sufficient. 

I cannot better demonstrate these two tendencies than by repro
ducing certain very recent declarations of our distinguished colleagues 
MM. Moussu and Vallee. 

At the meeting of the Central Society on the 15th October 1908 
Professor Vallee expressed himself as follows: "In the present state of 
our knowledge we can only regard the different methods of examina
tion by local reaction as makeshifts which cannot displace the classic 
method by the subcutaneous injection of tuberculin, the value of 
which is beyond question." 

At the meeting of the same Society, held on the 30th DecemberI908, 
M. Moussu said: "Experience has shown that subcutaneous injec
tion and cuticular injection, as well as the ophthalmic reaction, are 
open to very great objections; we must therefore seek a more per-

I From the" Recueil de l\led. Vet.," 30th May 1909, p. 206. 



GENERAL ARTICLES. 

fect method. Intra-dermic injection seems to fulfil this need, and it 
is very probable that it will prove even more satisfactory in the 
future; but for the moment I confine myself to repeating that it 
seems to me a method which will eventually replace the older 
systems." 

Neither of these opinions, however, seems to me acceptable. I have 
shown that subcutaneous injection of tuberculin alone is not absol
utely reliable in the diagnosis of tuberculosis. Its existing defects, 
especially those which lend themselves to the perpetration of fraud, 
are too numerous. Nevertheless, this, the classic method, still remains 
of very great value. 

The truth appears to be that in detecting tuberculosis it is necessary 
in choosing our method carefully to appraise the conditions under 
which one has to work-the species of animal to be tested, the con
ditions under which it is kept, the facilities for observation, the con
dition of the subject's health, the temperature, the time of year, the 
security against fraud, the time during which the animals are at the 
disposal of the observer, the experience acquired with :,uch and such 
methods, etc. Furthermore-and this is the point to which I again 
draw attention-one should not confine one's self to a single method of 
investigation. It is absolutely necessary to employ several, capable 
of mutually checking and correcting one another, and especially to 
increase the chances of a positive reaction. This· method may be 
described as that of associated reactions. 

In choosing the methods one must, therefore, consider the conditions 
under which one has to operate. If, for example, the animals are 
difficult to handle, and are at large, one would not choose the cuti
cular or dermic reactions, which must necessarily be associated with 
the ophthalmic reaction, but rather the intra-dermic. To enumerate 
all the conditions which may occur would occupy too much time, and 
in fact would be impossible. I shall therefore consider only a few of 
the most interesting. 

One point dominates everything in the diagnosis of tuberculosis by 
means of tuberculin, that is, the search for a clearly defined positive 
reaction. Negative reactions have only a relative significance. 

Thus it has often been suggested that two or several subcutaneous 
injections of tuberculin should be made at intervals of one month, in 
order to ensure a definite diagnosis. 

It frequently happens, however, that after giving a very character
istic reaction a tuberculous subject shows little or no reaction at the 
next injection, thirty days later. This result throws doubt on the 
diagnosis, and consequently interferes with the application of sani
tary precautions. 

I n reality this negative reaction is of no value in contradistinction 
to the previous positive reaction, which in itself should have ensured 
the diagnosis of tuberculosis and justified all the consequent steps. 

I mentioned in my first memoir that in order to prevent such 
failures to react MaIm and Vallee have suggested the use of large 
doses of tuberculin. This is sometimes an excellent way of produc
ing a reaction which would not have followed the use of a normal 
dose; but it is a double-edged weapon, because these large doses 
increase the animal's tolerance to tuberculin, and patients can often 
be rendered tolerant to large doses, just as they can to small. 



GENERAL ARTICLES. 239 

Local reactions, however, constitute a valuable check in current 
practice, and are almost indispensable in conjunction with sub
cutaneous injections. 

The detection of tuberculosis among large numbers of animals at 
liberty in the open air is not very easy. The best method without 
doubt is the ophthalmic, an ideal method of detection on account of 
its simplicity, the rapidity with which it can be carried out and with 
which its results become visible, and the ease with which it can be 
repeated at very short intervals without danger of any state of 
tolerance being set up. 

The operation is preferably performed in the morning between 5 
and 6 o'clock; the dose is placed in the eye, and the first examina
tion made between I I and 12 midday, the second between 4 and 5 in the 
afternoon. Any animal which shows the least indication of a posi
tive reaction is segregated, and, as their number is reduced, they can be 
subjected to any other method of testing, or, if necessary, to sub
cutaneous injection. The ophthalmic reaction is often so distinct from 
the very first that no doubt can be felt in forming a diagnosis. By 
repeating this ophthalmic test from time to time and withdrawing 
the animals which react, one can reduce the number so efficiently that 
a tuberculous animal soon becomes quite exceptional, and the disease 
disappears completely. 

If the animals can readily be approached one need not confine one's 
self to a single test. The diagnosis, in fact, would be incomplete if 
we passed an animal as sound because it had not reacted to the 
ophthalmic test, or to the intra-dermic test, or to an injection of tuber
culin. 

At the present time one ought in every case to use the ophthalmic 
test, whatever other tests the animal may have undergone. Similarly, 
{me should never be satisfied with the thermal reaction to a sub
cutaneous injection of tuberculin without noting the local subcu
taneous reaction. 

I will suppose that one has used the ophthalmic reaction and an 
injection of tuberculin at the same time, a method which is very con
venient. The test then comprises three components-the ophthalmic 
reaction, the local subcutaneous reaction, and, finally, the thermal 
reaction. It is easy to understand the great importance of this 
method of procedure in obtaining a reliable diagnosis, and especially 
in preventing fraud. Even if one of the results obtained appears 
doubtful, the animal should be segregated and subjected to further tests. 

At present, with the subcutaneous method of injecting tuberculin, 
the sanitary police are not sufficiently equipped, and frequently find 
themselves powerless in face of fraudulent tolerance set up by repeated 
in jections. 

At Buenos Aires, where all imported breeding cattle are submitted 
to rigorous quarantine, I remember that we were in the habit of 
making our first injection of tuberculin during the two or three .days 
following debarkation, and repeating it on the thirtieth day. This 
method gave fairly good results for a number of years, but after 
importers began fraudulently to inject tuberculin, especially on the 
voyage, the failures reached a most alarming proportion. It con
stantly happened that tuberculous animals did not react either to the 
first or second injection, or that whilst failing to react to the first 
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they reacted to the second, or vice-versa, and increasing the dose did 
not prove at all satisfactory. It was then decided to discontinue 
making the injection during the first two or three days after debarka
tion, for this only increased the animals' powers of tolerance. This 
modification was excellent, though it still allowed a number of 
tuberculous patients to pass. 

Soon after the discovery of local reactions, and the proof of their 
value, the Minister of Agriculture decreed, in accordance with my 
proposal, that local tests should be officially employed in association 
with the classic method of injection (12th October 1907). 

From that time each animal was subjected to the ophthalmic test 
twice weekly, being thus tried eight times during the thirty days of 
quarantine. At the end of this period it received a subcutaneous 
injection of tuberculin. Animals which failed to react to any of 
these tests were liberated at the end of the normal period. Those 
which gave a doubtful reaction either to the ophthalmic or to the 
local-subcutaneous test, or to the classic method of injection, were 
retained sufficiently long for the tests to be repeated or completed. 
Any animal which gave a single well-marked positive reaction was 
declared tuberculous and slaughtered. With this new method 
failure was very rare, and the percentage of tuberculous animals 
stopped was multiplied by three. 

This result alone proves the enormous value of associated reactions 
in diagnosing tuberculosis. 

The question arises: Should the local tests precede or follow 
subcutaneous injection? 

There is no doubt as to what should be the answer. When one 
uses methods which do not set up any serious degree of tolerance, 
such as the cutaneous, the dermic, and especially the ophthalmic 
test, it is preferable to utilise them before giving a subcutaneous 
injection, or at least to use them simultaneously with the latter. 

If one wishes to use local reactions which often complicate the 
thermal results of the_classic method, or which are complicated by 
the latter (such as the local-subcutaneous and the intra-dermic), one 
must avoid practising them shortly before the subcutaneous injection, 
and especially against making them a few days afterwards. One 
can, on the other hand, profit by the local reaction which follows 
subcutaneous injection under conditions which I shall touch upon a 
little later, or one may wait a certain time between the local test 
and the thermal test. This interval, although very variable, is 
approximately the same as that which should elapse between two 
normal injections of tuberculin. 

The ophthalmic, cuticular, and dermic methods may be used 
during the four or five days following subcutaneous injection, but 
except for the ophthalmic method, which is the least influenced, the 
results may prove less clearly marked than if these local methods had 
been used before tuberculin was injected under the skin. 

At the present time, then, the diagnosis of tuberculosis really 
offers no difficulty, provided one has sufficient time; but it is quite 
different when time presses, and when it is highly necessary to 
detect fraud, as is frequently the case in the inland sanitary service, 
and particularly on the frontier. In these cases one knows nothing 
of the injections to which the animals have previously been submitted, 
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and yet one is called on to detect all those suffering from 
tu bercu losis. 

The following, in my opinion, are the two best methods :-
The ophthalmic test is made between 7 and 8 P.M., and the 

ordinary subcutaneous injection is practised at some point which one 
takes care to mark, and where the skin is fine, such as at the base of 
the neck. 

Next morning about five o'clock the operator should commence to 
note the three results - the ophthalmic reaction, the local-sub
cutaneous reaction, and the thermal reaction. 

In place of simply injecting the tuberculin into the subcutaneous 
connective tissue, one may also, with great advantage, make an 
intra-dermic injection of 1'5 cc. at the same point, and immediately 
afterwards inject the rest of the dose of tuberculin beneath the 
skin. 

Under these conditions the intra-dermic and the local-subcutaneous 
reactions, which usually merge one into the other, are more distinct 
than if one makes a subcutaneous injection alone, or if one separates 
the subcutaneous and the intracutaneous injections. 

The association of the intra-dermic and local-subcutaneous reactions, 
which gives such good results at any point where the skin is fine, 
vascular, and rich in subcutaneous connective tissue, fails entirely in 
the caudal fold. This is the point suggested by MM. Moussu and 
Mantoux for the intra-dermic injection. 

Here are some examples which prove the importance of the tests 
of which I have just been speaking. They demonstrate the vallie of 
this method in practice, and it will be noted that the results are very 
clear, even after recent injection of tuberculin, whether or not 
followed by a thermal reaction. 

Cow No. 235.-This animal, like No. 236, whose case follows, has 
already been given as an example of a thermal reaction following 
the intra-dermic test, and of the reappearance of the thermal reaction 
in consequence of an ordinary subcutaneous injection made shortly 
afterwards. 

On the 3rd January 1909 this animal had been injected intra
dermically in the left caudal fold, the result being positive, and 
followed by a well-marked thermal reaction. Three days afterwards 
the ordinary subcutaneous injection was made, and produced a fresh 
thermal reaction. 

On the 11th January this cow received an intra-dermic injection in 
the right fold, which did not produce any local or thermal reaction. 

On the 17th January I repeated the intra-dermic injection in the 
right caudal fold, and at the same point I injected under the skin 
5 cc. of tuberculin diluted with nine times its volume of distilled 
water. 

On the 18th no thermal reaction. Over the right caudal fold well
marked cedema. The left, which had been injected on the 3rd 
January, was considerably enlarged and cedematous. 

On the 19th the local swelling in the right and left folds had almost 
completely disappeared, though there remained a little clearly 
marked induration. There had been a clearly marked but fugitive 
reaction produced by this large dose of tuberculin, without, however, 
any rise in temperature. 

Q 
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On the 28th January I made an intra-dermic injection of 1'5 cc. 
of tuberculin into the left caudal fold. No thermal or clearly marked 
local reaction followed during the next few days. 

Here, then, we have a tuberculous animal which for some time 
remained insensitive to ordinary subcutaneous injections, and to 
an intra-dermic injection in the caudal fold. 

On the 6th February, at 6 A.M., I made the ophthalmic test in the 
left eye, and immediately afterwards injected under the skin on the 
left side of the base of the neck 4 cc. of tuberculin; on the right side 
I made an intra-dermic injection of 1'5 cc., and at the same 
point a subcutaneous injection of 4 cc. of the same tuberculin. The 
two points of injection were marked by clipping the hair. The 
temperature was 38'8° C. 

On the 7th February, at 5 A.M., the temperature was 40'1° c.; at 
7 A.M., 39'8°; at 9 A.M., 39' I ; at II A.M., 39°; at I P.M., 38'8~; at 
3 P.M., 38'7"; at 5 P.M., 38'8° C. On the right side the swelling of the 
local-subcutaneous injection was merged into that of the intra-dermic 
injection, and formed a prominence as large as a man's hand, visible 
from some distance, sensitive and hot to the touch, and 2 I mm. in 
height. On the left side a long, clearly marked swelling, less distinct, 
however, than on the right. Depth of the swelling 13 mm. The 
ophthalmic reaction was well developed. 

On the 8th the local skin reactions were still clearly visible. On 
the right side the swelling was 22 mm., and on the left I I mm. 
in depth. 

The local reactions only began to diminish on the 10th, and still 
persisted for several days. 

Bere, then, we have a tuberculous cow several times injected with 
large quantities of tuberculin, which nevertheless gave as a result of 
our associated method three clearly marked results, namely, the 
ophthalmic, the intra-local-subcutaneous, and the thermal reactions. 
The last was due to the influence of the large dose given, for 
fifteen days later a fresh injection of 8 cc. produced no thermal 
reaction. 

The post-mortem examination was made on the 29th February, and 
revealed tuberculous lesions in the lungs and mediastinal lymphatic 
glands. 

Cow No. 236.-We have already seen that on the 3rd January 1909 
an intra-dermic injection into the left caudal fold produced a strong 
local reaction and a clearly marked rise in temperature. 

On the 11th January a further intra-dermic injection of 1'5 cc. was 
made into the right caudal fold. 

No distinct reaction occurred on the 12th or during the following 
days. 

On the 17th January I repeated the intra-dermic injection into 
the right caudal fold, and injected at the same point, but into the 
connective tissue, 5 cc. of tuberculin diluted with nine times as much 
distilled water. 

On the 18th no thermal reaction. The right caudal fold showed 
well-marked cedema; the left was also enlarged and cedematous. 

On the 19th the intra-dermic swelling was much less marked, but 
still evident. 

On the 20th nothing characteristic remained. 
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On the 28th January an intra-dermic injection of 1'5 cc. into the left 
caudal fold produced neither local nor general effects. 

Nine days later this tuberculous cow, which evidently would not 
respond normally either to all ordinary E;ubcutaneous injection or to 
MM. Moussu and Mantoux's method of intra-dermic injection, was 
tested by means of the ophthalmic and intra-local-subcutaneous 
methods. 

At 6 P.'\1. on the 6th February the cow received a single drop of 
strong tuberculin in the left eye. Immediately afterwards an intra
dermic injection of 1'5 cc. was made on the right side of the base of 
the neck, and 4 cc. of tuberculin diluted to 10 per cent. strength was 
injected under the skin at the same point. On the left side J injected 
4 cc. of tuberculin beneath the skin. Each of these points was 
marked by clipping away the hair. The animal's temperature at this 
time was 39'2° C. 

On the 7th the ophthalmic test had produced a positive result, but 
no rise in temperature had occurred. At 5 o'clock the temperature 
was 38'5" c.; at 7 A.M., 38'8°; at 9 A.M., 38'6° ; at I I A.M., 38'5° ; at 
J P. M., 38'8°; at 3 P.M ., 38'9° ; and at 5 P.M., 39° C. 

On the right side of the base of the neck, where the intra-dermic 
and subcutaneous inj ec tions had been made the previous evening, 
was a large oval swelling 10 cm. long and 6'5 cm. broad, with sharply 
defined prominent marg ins very visible to the eye. This swelling 
was sensitive, and hot to the touch. 

On the left side the swelling was less sharply defined, and, 
especially at the base, was more diffuse. 

On the 8th the local cutAneous reactions were in the same condition. 
On the 9th they began t o diminish, but that on the right side was 

still clearly visible. 
During the following days the cutaneous reaction diminished rapidly. 
I n this case we were unable to detect any thermal reaction , despite 

the large dose of tuberculin injected, but, nevertheless, we obtained 
two very positive reactions, the ophthalmic and the local-subcutaneous, 
which were more than sufficient to prove the existence of tuberculosis. 

A post-mortem examination of this animal revealed the existence 
of tuberculous lesions in the mesenteric lymphatic glands, liver, and 
retro-pharyngeal and mediastinal lymphatic glands. 

These two cases show that, as a rule, the intra-subcutaneous 
reaction is more evident than the subcutaneous alone. 

Cow No. 97.-This animal, which had been in our possession for 
more than a year, and which at first reacted very well to tuberculin, 
had become so tolerant in consequence of the numerous injections it 
had undergone that it no longer showed any thermal reaction. The 
ophthalmic test, nevertheless, always produced positive results, and 
the mucus discharge obtained by forcing the animal to cough 
(especially early in the morning) produced tuberculosis when injected 
into guinea-pigs. 

On the 1st February 1909 at 6 A.M., the animal's temperature being 
38'8° c., a drop of tuberculin was instilled into the right eye, and im
mediately afterwards 1'5 cc. of tuberculin diluted with nine parts of 
·distilled water was injected about the middle of the neck on the right 
side at a point when~ the fold of skin is approximately 8 mm. in 
thickness. This injection was into the dermis itself. At the same 
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time 5 cc. of the same dilution of tuberculin was injected under the 
skin. 

On the 2nd February at 6 A.M. a well-marked ophthalmic reaction 
had developed. On the right side of the neck also was a well-marked 
swelling I I cm. long and 7 broad. The temperature, however, had 
not risen. At 5 o'clock it was 38'5° c.; at 7 A.M., 38'6° ; at 9 A.M., 
38'5°; at I I A.M., 38'4°; at I P.M., 38'4°; at 3 P.M., 38'4°; at 5 P.M." 
38f C. 

On the 3rd February the cutaneous reaction was in the same con
dition; the swelling was visible and could even more easily be 
detected by palpation. 

On the 5th cedema could still be detected by the touch. 
I ought to mention at this point that a great difference in 

value must be attached to the thickening of the skin which 'occurs 
respectively in the intra-dermic or local-subcutaneous reaction and 
the dermic reactions. As I have previously stated, if tuberculin is 
rubbed into the shaven skin a subsequent increase in thickness of 
even 2 to 3 mm. is suspicious, and an increase of 4 to 5 mm. forms a 
positive reaction. Now, in the intracutaneous and subcutaneous 
reactions or associations of these, an increase in thickness of the fold 
of skin to the extent of 5 mm. hardly arouses suspicion, and the
swelling must persist for more than twenty-four hours to have any 
significance. An increase during this time strengthens the presump
tion of the existence of tuberculosis. 

Control Cow (Non-tuberculous).-On the 1st February 1909 this 
cow, which had never reacted to the ophthalmic test, nor to an 
ordinary subcutaneous injection of tuberculin, received a dose of 
tuberculin in the right eye at 6 P.M. In addition 1'5 cc. of tuberculin 
diluted with nine parts of distilled water was injected into the dermis 
about the middle of the right side of the neck. 4 cc. of the same 
tuberculin was injected under the skin and at the same point. The 
temperature at that time was 38'9" C. 

On the 2nd February there was no ophthalmic reaction and no. 
increase in temperature. At 5 A.M., temperature 38'5° c.; at 7 A.M., 
38'8°; at 9 A.M., 38'6°; at I I A.M., 38'5°; at I P.M., 38'8°; at 3 P.M., 
38'9°; at 5 P.M., 39° C. No distinct swelling on the neck. 

On the 3rd February there was no perceptible swelling nor did any 
appear during the following days. The animal, in fact, gave no kind 
of reaction. At the post-mortem examination, carried out on the 10th 
February, no tuberculous lesion whatever was discovered. 

These examples, like all those to which I have drawn attention, 
are chosen from among numbers of others in order better to illustrate 
certain ideas. 

In a fourth memoir I propose to deal with the struggle against 
tuberculosis. 

Conclusion r. 

I. In practice the thermal reaction and the local reactions to tuber
culin form a satisfactory means of diagnosing tuberculosis. 

2. No single method is sufficient in itself. It is absolutely neces
sary to employ several, capable of mutually controlling one another, 
in order to increase the chances of a positive diagnosis. This forms. 
the method of associated reactions. 
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3. The choice of tests must depend on the conditions under which 
the investigator is working, but the ophthalmic test should always be 
employed, and, if possible, repeated. The thermal reaction resulting 
from subcutaneous injection should always be supplemented by the 
local-subcutaneous test. 

4. The diagnosis of tuberculosis depends absolutely on the develop
ment of a clearly marked positive reaction, of whatever kind. In 
practice negative results have no significance in face of a single well
marked positive reaction. If, when employing the associated method, 
several reactions prove positive the operator's confidence in his diag
nosis is increased, and he is encouraged to carry out the necessary 
sanitary measures in their entirety. 

S. Doubtful reactions are of great importance. They enable us to 
segregate the animals for the purpose of carrying out further investiga
tions or repeating certain tests under more favourable conditions. 

6. The ophthalmic reaction is the best method of detecting tuber
culosis in herds of animals which live in the open throughout the 
year. It can be repeated quite frequently, and each time enables us 
to reduce the number of doubtful cases, and so, by reducing the total 
number, to employ other tests. 

7. The local tests which do not influence the thermal reaction, such 
as the cuticular, dermic, and especially the ophthalmic test, can be 
employed shortly before the subcutaneous injection; whilst local tests 
which might interfere with the general thermal reaction, such as the 
local-subcutaneous and the intra-dermic tests, should not be employed 
in practice if one wishes soon afterwards to obtain the best results 
from an ordinary subcutaneous injection. 

8. All the local tests may give positive results in tuberculous sub
jects even when the animals are simultaneously injected in the 
ordinary way (i.e. subcutaneously). The 'ophthalmic test is least 
affected by a subcutaneous injection, and the intra-dermic the most. 

9. As a general rule, it is desirable to wait a certain time before 
applying one of the local tests to an animal which has recently 
received an ordinary subcutaneous injection. But three to four days 
a.fter a subcutaneous injection the cuticular, dermic, and especially 
the ophthalmic reaction5 may be used with success. 

The local-subcutaneous and the intra-dermic are much more 
influenced by a previous injection of tuberculin. Twelve to fourteen 
days, and sometimes much more, should be allowed to lapse if one 
wishes to ensure the best conditions. 

10. One of the simplest, most practical, and most certain of the 
associated methods consists in simultaneously carrying out about 
8 P.M. an ophthalmic test, then at the base of the neck making a 
dermic injection, and finishing up by injecting tuberculin subcutane
ously at the same point. The following morning about 5 or 6 o'clock 
one begins by looking for the ocular reaction, next observes the local
subcuti\neous reaction, and finally takes the temperature. It is much 
more difficult for tuberculous patients to escape detection under such 
associated tests than under any single one. 




